INTRODUCTION
Thymoma is a slow-growing tumor of the thymus, unique in its "benign" histology but potential for locally invasive or "malignant" behavior. Since all thymomas have malignant potential, they are not classified as benign or malignant types. Instead, they are divided into noninvasive and invasive forms for prognostic purposes. Its reported incidence is only 0.15 per 100,000 person-years 1 . This extremely rare tumor has an unusually long natural history. It is also unique in that it is a tumor that does not have an official American Joint Committee on Cancer (AJCC) or Union Internationale Contre le Cancer (UICC) staging system, though many staging systems have been proposed for thymoma over the years since as early as 1978 by Bergh et al 2 . But very few of these have received clinical validation 3 . The staging system proposed by Masaoka et al in 1981 follows the natural history of thymoma, which initially grows locally, then infiltrates, disseminates, and then metastasizes 4 . Masaoka staging is based on the degree of invasion into surrounding organs. The International Thymic Malignancy Interest Group (ITMIG) has formally selected the Masaoka-Koga staging system, the Koga modification of Masaoka staging, at least until a scientifically validated system is defined in the next edition of their staging manuals in 2017 5 . A collaborative effort by the International Association for the Study of Lung Cancer (IASLC) and the ITMIG is currently in the process of developing proposals for an official staging classification for thymic malignancies 6 . This is the staging system that is most often used clinically internationally and in the US.
The rarity of thymoma makes both prospective and retrospective single-or multi-institution studies difficult, and the lack of an official staging system makes meta-analysis or combination of multiple data sources difficult. The Surveillance, Epidemiology, and End Results (SEER) registry, though imperfect, is a valuable source of data on rare tumors such as thymoma. A population-based cancer registry that covers approximately 28% of the US population, and the single largest domestic cancer registry, it is broadly representative of the US population and has multiple quality control measures that have made it an international standard of high quality cancer registries 7 . Though the SEER registry does not record information on AJCC stage, as it does for most other types of cancer, or Masaoka stage, but it does have enough information on extent of disease that has been used effectively by Fernandes et al 8 to categorize cases into Masaoka-Koga stage groupings.
No previous study in the literature has examined conditional survival of thymoma. Given the long natural history of thymoma, with overall survival reported not for 5-years but in the range of 10 or even 20 years, conditional survival is particularly useful. Survival is an estimate of the probability of being alive after a period of time. The quality of statistical probabilities depends on the information used in the calculations. Conditional survival is an application of conditional probability in statistics. It is different from traditional survival times because it takes advantage of the additional information: that the patient has already survived for some period of time. Conditional survival can provide a more direct answer to patients' question such as, "Now that I'm 10 years out from diagnosis, what's my expected survival for another 5 years?" This is not the same as the initial 15-year survival after diagnosis, even though 10+5 years is 15 years, since the 15-year estimate could not have known that this patient would live for at least 10 years. This is a question best answered as 5-year conditional survival at 10 years.
This study was designed to examine the conditional survival of thymoma in a large group of patients from the SEER database. Both overall and cause specific survival are used in the study of conditional survivals.
MATERIALS AND METHODS
Data was extracted from the Surveillance, Epidemiology, and End Results database 17 for cases of malignant thymoma diagnosed between 1973 and 2011. The SEER registry only collects data on "malignant" thymomas 1 . Cases of thymoma excluding thymic carcinoma were identified by histology (International Classification of Diseases codes 8580-8585) and organ of origin (collaborative stage (CS) schema). Cases were excluded if the primary reporting source was autopsy, death certificate, or nursing home or hospice; preferred primary reporting source was hospital inpatient data. Patients were also excluded if they were diagnosed before age 18. Cases had to have been diagnosed with microscopic confirmation, by histology or cytology. Finally, inclusion required thymoma diagnosis as the first and only malignancy, in order to use cancer specific survival as cause specific survival.
Masaoka-Koga staging was approximated using an approach modeled after that used by Fernandes et al 8 in their study of the role of RT in thymoma using SEER data. Cases were categorized into four stage groupings (Table 1 ): I to IIA ("Invasive tumor confined to gland of origin" or "Localized, NOS"), IIB ("Adjacent connective tissue"), III to IV ("Adjacent organs/structures" or "Further contiguous extension" or any positive lymph nodes), and Unknown (unknown extent of disease). These four stage groupings may be loosely referred to as 'Localized', 'Regional', 'Distant', and 'Unknown' for the remainder of this discussion. If no positive lymph nodes were indicated, then they were assumed to be negative, and did not automatically result in an Unknown stage assignment. SAS v9.3 was used to extract data, select cases, define variables, and for Kaplan-Meier survival analysis with log-rank tests for significance. Significance was set at a probability value less than 0.05. It was also used for multivariable regression using the Cox proportional hazards model. R v3.0.2 was used for creating the table of baseline demographic and thymoma characteristics, which compared continuous variables across stages by the ANOVA test and categorical variables across stages by the chi-square test. Microsoft Excel 2010 was used to create the conditional survival tables.
Overall survival (OS) was defined as the time from diagnosis until death. Cause specific survival (CSS) was defined according to the National Cancer Institute as the time from diagnosis until death caused by thymoma (since patients with any other cancer diagnosis were excluded). Conditional survival is the probability of surviving additional time y after already surviving time x, and can be calculated from overall or cause specific survival using the formula: CS(y|x) = S(x+y)/S(x), where S(t) is the overall or cause specific survival at time t. This study calculated 5-year conditional survival for both OS and CSS. So for instance, the 5-year conditional OS at 3 years is the probability of a patient who has already survived 3 years to live for an additional 5 years, aka to have at least 8 years of OS. Fifteen years of OS data ( Figure 1 ) were used to calculate 5-year conditional OS ( Figure 2 ). Fifteen years of CSS data ( Figure 3 ) were used to calculate 5-year conditional CSS (Figure 4 ). Localized and regional stages had significantly better OS than distant or unknown stages (p<0.0001). The same pattern was true for CSS (p<0.0001). Five-year conditional OS and 5-year conditional CSS were relatively stable over time across all stages. Conditional survivals were more similar between localized and regional stages and between distant and unknown stages. Five-year conditional OS ranged in 80%'s for localized stage, compared to 70%'s for regional, 60%'s for distant, and 50%'s for unknown stages. There was a slight rise and fall of 5-year conditional OS, peaking at 90% at 6 years. Five-year conditional CSS ranged in 90%'s for localized and regional stages, high 70%'s for distant, and 70%'s for unknown stages. There was no significant increase in conditional survivals over time, even at 10 years after diagnosis.
DISCUSSION
To our knowledge, this is the first published paper to address conditional survival, and the largest study of patients with malignant thymoma, including 2,182 patients from the SEER registry (1973-2011).
Patients can live for decades after thymoma diagnosis. Because of the indolent nature of this disease, conditional survival can be particularly valuable for patients, family, and caregivers. When the patient survives for more than one year, conditional survival quantifies the patient's expected survival over time, which changes every year. After every additional year the patient survives, conditional survival provides more relevant prognostic information than the more commonly reported survival estimates.
Conditional survival estimates are also higher than static survival probabilities. For instance, CSS at 15 years for a patient with stage III-IV thymoma is 46%, but 5-year conditional CSS for the patient who has already survived to the 10 th year is 81%. These more accurate prognoses can help patients and their families emotionally and psychologically. Anyone can easily understand 5-year conditional survivals. Conditional survival analysis can also help provide evidence for determining optimal follow-up testing, frequency, and duration. Duration of patient surveillance is not only important for survivorship, treatment decisions, and ensuring adequate surveillance times in retrospective data, but also for planning potential prospective studies since clinical trial duration is significant in estimating economic costs and planning timelines. As part of the patient-centered care approach, the ability to reference conditional survival helps quantify the remaining risk to patients and families after a specific survival period. In addition, examining changes in this risk over time could aid in the design of prospective clinical trials for thymoma.
A C C E P T E D
The original staging system published by Masaoka et al in 1981 had 65% stage I, 25% stage II, 5% stage III, and 5% stage IV 4 . This does not resemble the distribution of Masaoka-Koga stage distributions in our study. However, our distribution is very similar to that by Fernandes et al 8 , which is expected since we used the same method of stage grouping with updated data (1973-2003 vs 1973-2011) . About half of our cases were in stage group III-IV, while Masaoka's original cohort was 65% stage I. It is possible that SEER coders preferentially included higher stage cases since SEER only includes malignant thymoma and the general confusion over what constitutes malignant thymoma.
While the overall quality of the SEER registry is impressive, sometimes more rare tumors can sometimes have missing or less reliable coding since they are encountered so rarely 7 . One example of this is an absence of comment about lymph node status. Any positive lymph nodes were categorized as Distant stage; but no indication and negative lymph nodes were both treated equivalently (as negative). A nonspecific limitation of SEER data is patient migration out of SEER regions (although more than 25% of the US population is included in SEER, almost 75% is not). Finally, there is also the unavoidable selection bias of all retrospective studies. Though these limitations may have played a role in the selection of patients available for this analysis, we remain confident in the method of Masaoka-Koga stage groupings based on details available in the SEER data (Table 1) .
We chose to include patients with unknown stage group, since this comprised 10% of our limited cohort.
It is interesting that they ended up having the poorest survivals, with a higher rate of death from thymoma. It could be related to improvement in treatments and increased availability of diagnostic imaging techniques such as CT or FDG-PET over time, since the unknown group was diagnosed at a median 12-15 years earlier than the other stages. Historical data may not reflect current practices in oncology. A study of thymoma patients identified from the Swedish Cancer Registry found significant (p<0.01) improvement in OS comparing cases of thymoma diagnosed in Swedish Cancer Registry in three time periods : 1958-1972, 1973-1987, and 1988-2004 9 .
Masaoka staging has been shown to be a significant prognostic factor of OS and CSS, which was also reflected in our results. While OS is the most commonly reported measure of survival probability, CSS can be more meaningful for treatment planning since it excludes non-thymoma causes of death and provides more disease-specific prognosis. Localized and regional stage groups had better OS (p<0.0001) and CSS (p<0.0001). Conditional survival has already been used to study several other types of cancer. Conditional relative survival of ovarian cancer improved steadily over the first 5 years of diagnosis across all stages 10 . Stage IV ovarian cancer, with the poorest 5-year conditional OS, improved from 17% at diagnosis to 56% at 5 years, and even stage I steadily improved from 90% to 95% over the first 5 years 10 . Rectal cancer showed an identical pattern of steadily increasing conditional OS over the first 5 years, where stage I improved from 73% to 74% and stage IV improved from 6% to 48% 11 . The same pattern of trends, with steady improvement over 5 years and greatest improvement from higher stages, has been seen in colon cancer 12 , gastric cancer 13 , head and neck squamous cancer 14 , and non-small cell lung cancer 15 . Patients are often told that they are "cured" of their cancer if they survive for a certain number of years. This is supported by conditional survival analysis in many types of cancer, as mentioned above. Even distantly metastatic gastric cancer, for instance, with 2% conditional relative survival at diagnosis, has after 5 years of survival a conditional relative survival of 64% (which is better than the 61% relative survival of localized gastric cancer at diagnosis) 13 .
Note that the conditional survival analyses of these other cancer sites stop after five years of conditional survival calculations. Five-year conditional survival at 5 years actually requires sufficient numbers of patients to survive at least 10 years, which can be difficult for most cancers, especially at later stages. This is a marked difference for thymoma, which has a long natural history. Survival after thymoma diagnosis can regularly be measured in decades, unlike most other cancers. We were able to display conditional survival even at 10 years.
Over 10 years, unlike the other cancer sites, conditional OS and conditional CSS did not change significantly in any of the stage groups. However, despite the lack of improvement over time, the 5-year conditional survival rates were still relatively high compared to other tumors especially in advanced stages, ranging from approximately 60% to 90% and 70% to 95% for conditional OS and conditional CSS, respectively. These results indicate that the risk of death, whether from thymoma or any cause, does not change significantly over time in patients diagnosed with thymoma (or at least, not in the first decade after diagnosis). Since prognosis does not improve over time, it suggests that even after 10 years, patients are not truly "cured". This observation could be interpreted to suggest that patients should continue to follow-up annually with their oncologist for more than 10 years, since their risk is equivalent at diagnosis and at ten years after diagnosis. The National Comprehensive Cancer Network (NCCN) guidelines recommend at least 10 years of surveillance because thymoma can have late recurrence. However, by their own acknowledgment, this recommended surveillance duration has not been established by published studies 16 . Perhaps malignant thymoma should be considered as more of a chronic disease than as a curable cancer. Or, even longer follow-up is needed before the improvement in conditional survival is evident. Future studies should try to continue to focus on large groups of thymoma patients with even longer follow-up times.
Someone could argue that since conditional survival is relatively high, with survival rates close to "cured" conditional survival of other cancers, perhaps thymoma patients don't require annual chest CT (after chest CT every 6 months for the first 2 years). However, the results of this study do not support this argument because of the high risk of thymoma recurrence. Survival is likely high in part because of early detection of recurrences in close surveillance. Unfortunately disease recurrence is not recorded in SEER data.
In summary, conditional survival can be particularly useful for thymoma patients. Earlier Masaoka-Koga stage groups had significantly better OS and CSS. Five-year conditional OS and CSS did not improve over the first ten years after diagnosis, suggesting thymoma may be more of a chronic disease than a curable cancer. Additional study is needed with follow-up times longer than 20 years. . Five-year conditional cause specific survival of thymoma patients by Masaoka-Koga stage group. Each cluster of graphs represents the probability of surviving an additional 5 years, after having already survived for 0 to 10 years after diagnosis. Table 1 Masaoka-Koga stage definitions, compared to the stage groupings assigned using tumor information from SEER data. Table 2 Baseline characteristics of stage groups and of the whole cohort. Categorical variables were compared across stage groups using the chi-square test. Continuous variables were compared across stage groups using the ANOVA test. 

